Summary.
During The embryonic and fetal pancreas of mice and rats have been widely used in studies of cytodifferentiation of glandular cells (BUTTER et al., 1967 (BUTTER et al., , 1968 . At birth the acinar cells are fully differentiated and from then on they are thought to undergo only modulatory changes derived from the influence of hormones and dietary factors (BUTTER et al., 1967 (BUTTER et al., , 1968 . On the other hand it has been observed that the zymogenic cells in the rat proliferate markedly during the three initial weeks of postnatal life (SESSO et al., 1973) . The pattern of mitotic proliferation of these cells seems to be of the exponential type where all the cells of the population are engaged in the proliferative process. Preliminary morphological observations suggested that during this period of cell proliferation the secretory activity of the zymogenic cells was lower than that of the cells of the slow growing adult rat pancreas.
These observations suggested also that the adult pattern of secretory activity was reached through gradual changes in the acinar cell activities. They seemed, therefore, to be revealing an insofar undescribed sequence of evolutionary stages in the development of the rat pancreas.
In efforts to obtain a better insight to the secretory activity of the pancreatic zymogenic cells during the period in which they proliferate rapidly a more thorough investigation was undertaken with the aid of cytochemical techniques, electron microscopy and biochemical estimations of nucleic acids and digestive enzymes. The young rats were kept with their mothers until the 23rd day of postnatal life and thereafter maintained on a standard balanced diet.
The animals had no access to food 3 to 4hrs prior to the sacrifice.
For the biochemical studies the glands free of lymph nodes and adipose tissue were weighed and homogenized in ice cold distilled water in the proportion: 10mg the initiation of the chemical analysis. The activities of amylase, trypsin activatable proteases (TAPase) and the nucleic acid contents in the homogenates were measured as previously indicated (SESSO and VALERI, 1962) . The amylase activity is expressed tivities (that is due to trypsinogen and chymotrypsinogen) of 100mg of fresh pancreas amylase/100mg and TAPase/100mg. Estimates of these enzymes activities on a cell basis were obtained by dividing the above values by the DNAP of 100mg of fresh tissue and referred to as amylase/DNAP and TAPase/DNAP. The amounts of DNA pancreas of about 200 rats whose age varied from 1-2hrs to 200 days after birth. Small pieces of glands were fixed in alfac (80% ethanol: 85ml, formalin: 10ml and glacial acetic acid: 5ml), formol-sublimate-sodium chloride (formalin: 20ml, mercuric chloride 4.5g, sodium chloride: 0.5g and distilled water until 100ml) and Bouin's fluid for 18hrs and in formol-phosphate (formalin: 10ml and 90ml of 0.1M phosphate buffer pH 7.2) or in Zenker-formalin for 3hrs. For these studies with the light (vide infra) and embedded in araldite were also used. The RNAase removable cytoplasmic basophilic substance (CBS) was revealed distilled water, the slides were rapidly immersed in two successive baths of tertiary butylic alcohol, then passed through xylol and mounted with balsam. The basophilic substance was also revealed by the gallocyanin (EINARSON, 1932) method. Sections from glands of rats aged 1, 2, 5, 10, 15, 20, 25, 30, 40 and 80 days, fixed in formolphosphate were treated by crystalline ribonuclease (Sigma, free of salts and proteases) gallocyanin.
The quantitative study of the cytoplasmic basophilic substance was made in sections stained by methylene blue or by gallocyanin.
the volumetric relation between the amount of basophilic substance and the total amount of cellular substance was estimated according to UOTILA and KANNAS (1952) . The sections were studied in a Visopan (from Reichert, Vienna) microscope.
In the apparatus screen a 100mm line was drawn and the magnification used was such that of this line over the CBC and over the acinar cells.
From these values it was obtained an estimate of the fraction of the acinar cell volume occupied by the CBS. For the electron microscopical observations the glands were fixed in chilled 6.5% or 2% glutaraldehyde in 0.074M phosphate buffer (pH 7.2) for 2hrs, washed once in 1% osmium tetroxide in 0.1M phosphate buffer (pH 7.2) and fixed again for 2hrs in cold osmium solution buffered with phosphate.
The pancreases were dehydrated in ethanol and embedded in araldite.
The sections were observed with the Zeiss EM9 or EM9S-2 electron microscopes.
Leucine-H3 incorjoration:
Rats 2, 4, 10, 15, 20, 33 and 40 days of age were used.
thesia, two pancreas biopsies (about 3 to 4mg of fresh pancreas) were taken from each rat, 15min and 4hrs after the amino acid injection. The animals were sacrificed with ether 8hrs after the last biopsy. No biopsies were made in the 2 and 4-day old rats. Instead, 3 animals were used for each of these age periods, and they were sacrificed 15min, 4hrs and 12hrs after the leucine-H3 injection. obtained after paraffin embedding were arranged on microscopic slides in such a way that in each slide there were sections from all the pancreas fragments.
Two slides were coated with NTB3 gel emulsion (Eastman Kodak Co., U.S.A.) according to the technique of MESSIER and LEBLOND (1957) and exposed for 8 and 21 days. Two other slides were coated with AR 10 stripping film (Kodak Ltd., England) and exposed for 8 and 21 days. After prosessing, the radioautograms were stained with 0.025% basic fuchsin buffered at pH 3.40.
Tryptophane-H3 incorporation The amino acid was given to rats 2, 5, 10, 15, 20, activity per gram of body weight. Use was made of one rat from each age, group, except the 2 and 5-day old animals, which were used in numbers of 3per age. The tryptophane injected was generally labelled, with a specific activity of 650mCi/mM. In each animal two biopsies were made, one at 4, and another at 20hrs after the tryptophane-H3 injection.
The glands were fixed, sectioned and mounted on microscopic glass slides in the same way as in the leucine-H3 experiment. Some slides were stained by gallocyanin before being coated with ARIO stripping film and exposed for 6 or 19 days. incorporation: Rats 5, 15 and 20 days of age were intraperispecific activity of 1,500mCi/mM and sacrificed at 15min, 1 and 4hrs after the injection. The glands were processed as in the two experiments above and the slides were covered with Ilford's K5 emulsion according to CARO and TUBERGEN (1962) and exposed for 2 or 4 days.
In the experiments described above, after the radioactive amino acids injections, the animals had no access to food. The amounts of individual amino acids in TCA soluble extracts were analyzed in a Backman amino acid analyzer model 120C. Two experiments were conducted. In each experiment the gland from a 38-day-old rat and the pooled glands from four 14-day-old rats were used. A 10% (w/v) homogenate with cold distilled water was made and the proteins of a 1.75ml aliquot were precipitated with 20% TCA. After washing the precipitate with TCA the pooled supernatants (4.4ml) were centrifuged for 20min at 10,000g and the pH of the solution was adjusted to 2.2 with concentrated NaOH. The supernatant volume was reduced to 1.6ml and added to 1.6ml of 0.2M citrate buffer (pH 2.2). 2.0ml of this solution were taken for the quantitation of acid and neutral amino acids. These results were expressed as the amount of amino acids found in the TCA soluble fraction of 100mg of fresh pancreas.
Results and Comments
Biochemical evaluation of nucleic acids
In Figure 1 are presented the RNAP/DNAP ratios obtained in glands from male and female rats sacrificed at various intervals after birth. No sexual difference in this ratio was found and in the presentation of the results the sex of the animals is disregarded.
It is evident that the RNAP amount per cell does not rise between the 2nd and the 15th day of postnatal life while it rises markedly from the 15th until the 28th day. Afterwards the RNAP/DNAP ratio tends to stabilize itself at a level about 3 times higher than in rats less than 15 days of age. Examining the RNAP/DNAP values between days 2 and 15 one might suspect that during this period the RNAP content per cell slightly decreases. The values from the age groups of 2, 5, 10 and 15 days were analyzed by the non-parametric test of KRUSKALL and WALLIS (1952) . The test that is applicable even in those cases where the variate is not normally distributed revealed highly significant differences between age groups (p<0.01).
This result favours the suspicion that the RNAP amount per cell diminishes somewhat from the 2nd to the 15th day.
A more accurate analysis of the changes in the pancreas cells RNAP content during the postnatal life can be made by studying the evolution of the coefficient of allometry between total RNAP and total DNAP of the glands. For this purpose these variates were refered to as y and x respectively.* Plotting the logarithms of x and y in a coordinate system, a curve was obtained in which three successive linear segments could be distinguished (Fig. 2) . Each segment can be considered as representing a stage in the evolution, on a per cell basis, of the RNAP amount.
The transition between the first and the second segment corresponds to the logarithm of total DNAP 1.306 and the transition between the second and the third segment corresponds to the logarithm of total DNAP 2.000. These values situate the transitional The vertical bars indicate the range of variation. The number of animals used in each age group in shown in parenthesis.
* The mathematical treatment of these data is the same one used in the analysis of the pancreas growth in the rat by Sesso et al. (1965) . Table 1 . Coefficients of Allometry between total RNAP (x) and total DNAP (y) of the pancreas of the rat during the postnatal growth * Estimated with N=37 ** Estimated with N=27 *** Estimated with N=37 N=number of glands studied DNAP amounts of the glands of rats 15 and 28 days of age. The data corresponding to each one of the segments were analyzed in the sense of testing the hypothesis of a linear relationship between log x and log y. The estimates for t (see Table 1 ) obtained from the test of linearity performed as indicated by BARTLETT (1949) do not permit rejection of this hypothesis either for stage II or for stage III. For stage I the estimate of t is close to the 0.05 probability level. When linearity is present one is allowed to express log x and log y for each stage in the following way: log y=k log x+log b (equivalent to the simple allometry formula y=bxk). In this equation k and b are constant.
The constant b depends on the scale in which x and y are measured and is relatively unimportant.
The biologicably important term is the coefficient of allometry k. When k=1 the variations of x and y are equal; when k>1 or k<1 unitary variation of x is accompained by a modification of y that is respectivelly k times higher or smaller than x.
The coefficients of allometry k for each one of the stages, as well as their respective confidence intervals at the 0.05 level were estimated by BARTLETT's (1949) modification of WALD's (1940) method. These values are presented in Table 1 . They show that between the 2nd and the 15th day the RNAP quite possibly accumulates in the gland less than the DNAP (the coefficient of allometry is less than 1 and the confidence intervals do not include the value 1). In other words, if log y and log x are linearly related in the period from the 2nd up to the 15th day, the pancreas RNAP amount per cell decreases. Between the 15th and the 28th day the accumulation of RNAP in the gland is greater than that of DNAP (k=1.678).
After the 28th day of postnatal life the relative accumulation of RNAP is less (k=1.171) than that observed in the preceding stage and is sufficiently close to unit to warrant the assumption that the RNAP amount per cell rises very slowly and is almost stabilized. Figure 3 shows the evolution of the DNA and RNAP concentration per unit weight of fresh pancreas. Figure 4 presents the results of amylase and TAPase (trypsinogen and chymotrypsinogen) activity determinations in glands from rats whose age varied from a few hours after birth until 35, 40 and 100 days (the latter animals are referred to in Figure 4 as adults). The points in each curve were obtained after enzyme essays performed on the day of the animal's sacrifice and under the same conditions. These animals had no access to food 3 to 5hrs prior to being killed. It is evident that the activity concentrations of digestive enzymes in the homogenates decline from the first two days after birth until days 10 to 15, rising appreciably from then on until the end of the intervals studied. These curves are grossly in parallel with the development of the acinar cell content of zymogen granules.
They seem therefore to reveal actual changes in digestive enzyme amounts rather than interferences from enzyme inhibitors or activators present in the gland homogenates of the different age groups.
Morphological observations
During the first two postnatal weeks, the exocrine pancreas has histologically and cytologically and aspect different from that of the adult rat and may be regarded as immature.
In the initial post-partum days the microscopic lobules are composed of a rather small number of acini among which there are large interparenchymal spaces filled with loose connective tissue (Fig. 5, 6, 7) . Although cell proliferation induces a gradual reduction in these spaces, this loose disposition of the acini is clearly perceptible even at day 15. By day 20 the interacinar spaces are much reduced not only on account of cell multiplication but also because of the intervening enlargement of the acinar cells. At day 30 the histological aspect of the pancreas is similar to that of the adult (Fig. 8, 12) . Fig. 4 . Digestive enzyme activities in pancreas homogenates of rats of different ages. Each point in the curves of amylase/DNAP and TAPase/DNAP represents the average of determinations in 6 rats, while in the curve of amylase/100mg of fresh pancreas they represent the average of determinations in 4 rats. Animals from different litters were used in each age group. basophilic substance rises markedly after day 11.
In the newborn rat the acinar cell cytoplasm is fully loaded with unusually large zymogen granules (Fig. 13) , while the amount of the rough endoplasmic reticulum is, relatively to the pattern found in the adult, extremely reduced.
It exhibits no basophilic substance.
In the first 48hrs of postnatal life visible amounts of RNAase removable basophilic substance accumulate around the nuclei and in the cell basal region. Concurrently the amount of rough endoplasmic reticulum in this region also increases. The nuclei either from the acinar or from the centroacinar and duct cells are larger and less chromophilic than those of the adult animals.
Nucleoli also are not so conspicuous as in the glands from older animals.
At day 20 and onwards the zymooen granules occupy the intermediate and upper region of the cell, while in the glands from animals two weeks of age or less, these granules eventually fill even the lower or basal cytoplasmic region.
The younger the animal the larger are the zymogen granules and the more diffuse and pronounced the cytoplasmic accumulation of secretory granules may be (Fig. 13, 14, 15 ).
Cytoplasmic accumulation of zymogen granules in rats less than 20 days old is visibly enhanced by 18hrs of fasting.
In older rats this effect of fasting is either not so obvious or absent (SESSO, TSANACLIS and ARRUDA LEITE, in preparation). Therefore during the suckling period the acinar cell zymogen granule content may fluctuate according to the littermates alimentary condition. The observation that in pancreas from 3-day-old rats, the amylase and TAPase activities varied significantly from litter to litter , is in line with the latter inference.
In order to assess age associated changes in the glands digestive enzymes contents, in each age group animals of different litters were used for the morphological observations on the zymogen granule amount and also for the biochemical studies shown in Figure 4 . These studies therefore, revealed the average changes in amount of digestives enzymes occurring in the population of rats during the suckling period and after weaning. Microscopic examination showed that the overall amount of zymogen granules per cell seems to diminish somewhat during the initial 15 days (Fig. 9, 10 , 13, 14). After day 15 until day 30-40 a marked cytoplasmic accumulation of zymogenn granules occurs (Fig. 10, 12, 14, 15 ). The condensing vacuoles (CARD and PALADE, 1964; JAMIESON and PALADE, 1967a, b) , or immature zymogen granules were found to be more numerous and larger in cells from the suckling (Fig. 13 ) than in the acinar cells of the 30-day-old and adult animals. Furthermore, the transitional elements, partly rough and partly smooth of the endoplasmic reticulum found at the periphery of the Golgi area were conspicuous in the acinar cells of the immature pancreas. Visual inspection showed that until about the 13th-15th day after birth the fraction of cytoplasmic volume occupied by the RNAase removable basophilic substance Table 2 . Quantitative evaluation of the cytoplasmic basophilic substance of the acinar cell of the rat pancreas during the early postnatal growth * Standard error of the mean ** Staining by methylene blue at pH 4.0 is relatively small (Fig. 9, 10 ). Quantitations indicated that this fraction represents 12% of the acinar cell volume (Table 2) . However, by inspection alone it was not possible to decide whether the staining intensity for RNA in the acinar cells changed between days 2 and 10-13 of postnatal life. In order to have a quantitative insight on the RNA amount per unit volume of cytoplasm, the concentration of the RNAase removable basophilic substance was evaluated by cytophotometry. Table 2 shows that the RNA concentration in the basal zone of the acinar cell increases with age. Within each one of the experiments shown on Table 2 the data from the 2 or 3-dayold rats were compared by the analysis of variance with those of the rats aged 10, 12 or 13 days. In all experiments except one (experiment number 5 in Table 2 ) a highly significant difference (P<0.01) was obtained.
A global analysis of variance, where the variation between experiments was set apart from the total variation was performed.
The analysis showed that the acinar cells from the group aged 10-13 days (mean optical density=0.386) present a higher (P<0.05) RNA concentration in the basal cytoplasm than those from the age group of 2-3 days (mean optical density =0.323).
After the 15th day of postnatal life the acinar cell cytoplasm enlarges. Concurrently the cytoplasmic RNA histochemically detected raises and at day 30 occupies 30% of the cell volume (Fig. 10, 11 , 12, see also Table 2 ). In the acinar cells throughout the first month, the changes per cell in the amount of rough endoplasmic reticulum grossly parallel the changes in amount of the RNAase removable basophilic material (Fig. 16, 17 ). An appreciable number of acinar cells are in mitosis from the time of birth until about days 20 to 23. With the electron microscope mitotic acinar cells were found in all developmental stages. These cells exhibited during mitosis the major morphological features they showed in interphase at that age. Thus, in the very young suckling rats (Fig. 18 ) the mitotic acinar cells showed less amount of rough endoplasmic reticulum and larger zymogen granules than the mitotic cells of the 20-dayold rats (Fig. 19) .
Tritiated amino acid incorporation
In the glands examined at the various time intervals after tritiated amino acid administration we observed that the labeling intensity and distribution were age dependent.
At 15min after leucine-H3 or phenyl-alanine-H3, 1hr after phenylalanine-H3 and 4hrs after tryptophane-H3, leucine-H3 or phenyl-alanine-H3 it was evident that the older the animal the stronger was the radioactivity in the acinar cells. The increase in the level of isotope incorporation at 15min and 1hr was moderate between days 2 and 10 while between days 15 and 30-40 it was remarkedly high. At 15min after tritiated amino acid injection into the 2 to 10-day-old animals the silver grains were seen scattered over the cell basal pole (Fig. 20) . At progressively older ages the radioactivity appeared more and more concentrated in the Golgi region.
At 1 or 4hrs, the intensity of labelling was much stronger than at the 15 min interval (Fig. 20 to 25) . The silver grains were seen over the zymogen granules of the intermediate part of the cell in the younger animals while in the older ones the apical cytoplasm also was heavily labelled (Fig. 23, 24, 25) . Figure 26 presents the results of silver grain countings per unit area of cytoplasm Fig. 16 and 17. Basal regions of acinar cells from rats aged 3 and 20 days respectively. The older animal (Fig. 17 ) acinar cell exhibits a more developed system of rough mem-in rats 5, 15 and 20 days of age, sacrified at 15min, 1 and 4hrs after phenyl-alanine-H3 injection. It is evident that in the 5 and 15 day-old animals the acinar cells kept incorporating the tritiated amino acid into migratory insoluble proteins throughout the experiment.
In the 20-day-old rat the cells concentrated radioactivity only Fig. 18 and 19 . Mitotic acinar cells from pancreas of rats aged of 2 (Fig. 18) and 20 (Fig. 19 ) days. The cell of the older rat has more rough endoplasmic reticulum (RER) and smaller zymogen granules than the cell of the 2-day-old animal. C mitotic chromosomes. Bundle of spindle fibers (white arrow).
during the initial 60min; the amount of radioactivity in these cells did not change significantly in the following 3hrs. Because of the marked age depedent differences in the ability to incorporate amino acids it was not possible in the experiments with leucine-H3 and tryptophane-H3 using 2 and 30 and 40-day-old animals to adjust one exposure time that enabled silver grain countings in all samples.
For that reason Tables 3 and 4 All the radioautographs were exposed for 4 days. They show an increase in the level of isotope incorporation and in the rate of label migration and accumulation between 5 and 20 days. Notice that the cells in the older animal 15min after labeling have already accumulated radioactivity in the supra-nuclear region (Fig. 22 ) while in the 15-day-old rat only after 1hr of isotope administration this accumulation becomes unequivocal (Fig. 24) . semiquantitative evaluation, in crosses, of the amount of radioactivity over the zymogen granules region of the acinar cells at 4 and 12 or 20hrs respectively after leucine-H3 or tryptophane-H3 administration.
In Table 5 and 6 actual silver grain countings in part of the animals studied are presented. Data on Table 3 and 4 show that in the 2 and 4-5-day-old animals the radioactivity keeps rising in the region of the zymogen granules even after the fourth hour of amino acid administration.
Contrasting with this, in the older rats (30-40 days of age) the radioactivity of the zymogen granules diminished after the fourth hour. This age dependent rise and decline in label amount observed after the fourth hour of tritiated amino acid administration may be revealing primarily a slow synthesis and accumulation of secretion in the younger animals and a discharge of the secretory products in the older animals. It is also apparent that in the low incorporating cells of the very young rats the tritiated amino acids used for protein synthesis are drained slowly from the amino acid pool.
Attention was directed to the possibility that differential rates of incorporation might have been caused by changes in pool size occuring in the acinar cells of the developing pancreas. In order to look into this problem two sets of observation were conducted as indicated in methods. In each pancreas 20
of the means at the P=0.05 level are indicated. Table 3 . Radioactivity in pancreatic acinar cells of the rat, 4 and 12hrs after injection of leucine-H3 (exposure 20 days) Table 4 . Rabioactivity in pancreatic acinar cells of the rat, 4 and 12hrs after injection of tryptophane-H3 (exposure 6 days) * This pancreas fragment was lost ** The 33-day-old rat died during the anesthesia for the first biopsy We observed that 20min after tryptophane-H3 administration the radioactivity of TCA soluble extracts from 11-day-old rat pancreases (4 animals) is 20% higher (P<0.01) than that found in extracts from the 29-day-old rats (4 animals).
From the analysis of acid and neutral amino acids made in the acid soluble extracts from glands of rats 14 and 38 days of age we refer now only to the results obtained for leucine, phenyl-alanine and tirosine1) because these amino acids2) were used in the radioautographic observations. The mean pool size for leucine and tirosine were numerically 15-20% higher in the younger than in the older rats, and for phenylalanine this difference was about 50%. Further amino acids analyses were not conducted for these results suggested already that differences in pool size may have played only a minor role in the observed age dependent enhancement of tritiated amino acid incorporation.
Thus, at 15min, the incorporation of phenyl alanine-H3 (see Fig. 26 ) by the 20-day-old rat was about 250% higher than that observed in the 15-day-old animal, and the incorporation of leucine-H3 (these silver grain countings are not presented in order to save space) by the acinar cells of the 33-day-old rat was 270% higher than that of the cells of the 15-day-old animal. Therefore the observed age associated rise in tritiated amino acid incorporation seems to reveal primarily an increased rate of exportable protein synthesis rather than relevant changes in the specific activity of the immediate amino acid precursor pool. This interpretation is supported by the fact that the rises in tritiated amino acid incorporation grossly parallel during the first month post-partum the changes in cytoplasmic RNA concentration and in the amount of rough membranes of the endoplasmic reticulum where synthesis of digestive enzymes takes place.
Discussion
In the practically non proliferating pancreatic acinar cells of adult rodents cytochemical and autoradiographic studies disclosed two cathegories of proteins. The one for export, i.e. the digestive enzymes, are migratory (SIEKEVITZ and PALADE, 1958, 1) The radioautographic results obtained after tirosine-H3 injections to suckling rats of various ages were omitted because they are in general agreement with the ones already presented. 2) Trytophane though used, in its labeled form, in the radioautographic experiments, could not be accurately discriminated in the amino acid analysis. 1960; WARSHAWSKY et al., 1963; CARO and PALADE, 1964; JAMIESON and PALADE, 1967a, b) and have a high turnover rate. The second group, the structural or sedentary proteins, is composed of proteins that are slowly synthesized to be used in the cell's own metabolism (WARSHAWSKY et al., 1963) . Our observations on the incorporation of tritiated amino acids show that from the 2nd until the 30-40th day of postnatal life the synthesis of migratory proteins by the cytoplasm of the acinar cells increases markedly.
On the other hand until day 20 an average of 6.0% of the acinar cells are at any given time, synthesizing DNA prior to mitosis (SESSO et al., 1973) . These cells seem to proliferate exponentially or almost so (WENZEL et al., 1972; SESSO et al., 1973) and therefore practically all the acinar cells during this period divide every 111hrs (SESSO et al., 1973) .
In proliferating cells besides the two cathegories of proteins referred to above one has to consider also the synthesis of the structural proteins for the formation of the mitotic apparatus and the daughter cells. It has been hypothesized that in the differentiated cells preparing for division the synthesis of specialized cell products would be turned off. These cells would synthesize only those molecules necessary for cell division (ABBOT and HOLTZER, 1966) .
The pancreatic acinar cells were not included among these differentiated cell types for there was a belief that "in vivo" as "in vitro" they would divide only occasionaly (WESSELS, 1964) . Obviously this is not the case in the rat pancreas where the increase in cell number occuring after birth is due exclusively to the mitotic proliferation of the zymogenic cells (SESSO et al., 1972 (SESSO et al., , 1973 . In the radioautographs from glands of the suckling rats injected with labeled amino acids it was not possible on grounds of label amount or distribution either to identify or even suspect which of the acinar cells were preparing for division.
Apparently, in all the cells, the bulk of the amino acids had been incorporated into proteins that migrate to the acinar lumen. Observations made in this laboratory suggested that in the cells preparing for division the synthesis of exportable proteins is not interrupted. With light and electron microscope autoradiography it was observed that 20min, 30min and 1hr after simultaneous administration of thymidine-H3 and tryptophane-H3 to 20-day-old rats the cytoplasmic incorporation, in the doubly labeled cells, was confined to the zymogen material (SESSO et al., 1968) . During mitosis the acinar cells also synthesize proteins of rapid turnover (SESSO et al., 1968) .
The autoradiographic observations showed that the amount synthesized per unit time of exportable protein is less in the very young than in the older rats. In the former animals' acinar cells these proteins accumulate in the supranuclear region and from there migrate to the cell apex less rapidly than in the mature glands. It seems, though, that also the packing of the digestive enzymes into zymogen granules is slower in the cells with low capacity to synthesize proteins.
The occurrence of a higher proportion of large condensing vacuoles in the younger than in the older rats may be the morphological equivalent of this slow process of zymogen condensation. Also in the slow secreting acinar cells of the hypophysectomized rat pancreas the zymogen granules are distinctively larger than those observed in the more rapidly secreting cells of the hypophysectomized rats injected with thyroxine (SESSO et al., 1963) .
The largest zymogen granules are found in the cells of the newborn animal.
They are the result of digestive enzymes synthesis and condensation occurring during fetal life. It is conceivable that in the fetal pancreas there occurs either very little or no discharge of zymogen granules. If this assumption is genuine, in fetal cells, specialized protein synthesis occurs under somewhat different conditions than that found in the cells of the adult animals. On the latter animals a steady state (DALY and MIRSKY, 1952; ALLFREY, DAY and MIRSKY. 1953) between the synthesis and the extrusion of digestive enzymes has been observed. When the fetal acinar cell cytoplasm is filled with zymogen granules the synthesis of digestive enzymes would be slowed down perhaps through a feedback mechanism. A striking morphological manifestation of this particular resting condition of the pancreatic acinar cell is the absence of basophilic substance and almost nil cytoplasmic incorporation of tritiated amino acids as found in the 20-day-old fetus (ABRAHAMSOHN and SESSO unpublished results) and in the unfed new born rat. The extrusion consequent to the ingestion of food after birth probably induces the synthesis of RNA and also of digestive enzymes. These events, however, should not be taken necessarily as indicative of a steady state, as in adult animals, between synthesis and extrusion of zymogen material. The overall amount of zymogen material diminishes in the acinar cells between days 2 and 10-15 although the amount of exportable protein synthesized per unit time does rise during this period. It seems therefore that taken as a whole the extrusion rises more than the synthesis. After the 15th day this situation is reversed. The synthesis and the extrusion increase more than they did in the former period and the amount of zymogen granules that appear stored in the cytoplasm rises gradually until 30-40 days. These facts indicate that those processes are not balanced and that the synthesis has risen more than the extrusion. At 30-40 days, the amount of zymogen material of the acinar cell has already the magnitude observed in the adult.
From the above considerations it emerges that during the first month of postnatal life there is in the acinar cells a continuous rise, with change of pace at the 15th day, of efficiency to synthesize, condensate and discharge zymogen materials. BUTTER et al. (1967 BUTTER et al. ( , 1968 ) suggested a multiphasic model for the development of the mice and rat pancreas. In the early "protodifferentiated" stats of these authors the cells of the pancreatic rudiment proliferate markedly and exhibit significant but relatively low amounts of specific pancreatic proteins. During days 14 to 18 of gestation the cells of the exocrine pancreas show morphological changes related to specialized protein synthesis and accumulate a high content of digestive enzymes. These cells are now in the "differentiated" state and at birth show the maximal amount of zymogen granules. According to BUTTER et al. (1967 BUTTER et al. ( , 1968 in the following and final stage these fully differentiated cells would modulats under the influence of endogenous and exogenous factors.
Our studies showed that during the first month the acinar cells, although differentiated, undergo marked and predictable changes not only in their morphology but also in their efficiency to synthesize and export digestive enzymes. It seems therefore that during this period the acinar cells complete their maturation. Another morphological indication that the pancreatic acinar cell of the suckling rats differs from that of the adult is the fact that concurrently with the changes here reported, the mean nuclear volume of the largely predominant class A (diploid) cells decreases day 36 it is grossly half this value. The decrease in nuclear size is more pronounced during the period of marked mitotic proliferation (SESSO, 1957) .
In the parotid visible signs of differentiation, such as the appearence of secretory granules, are found only in the days following birth (REDMAN and SREEBNY, 1971) . At this time the exocrine pancreas has a large stock of differentiated cells filled with zymogen granules. However, despite these and other evolutionary differences the two glands show similarities in their development 12-15 days after birth.
Thus, in the acinar cells both of the pancreas (this report) and of the parotid (REDMAN and SREEBNY, 1971; VILLA, 1968) the digestive enzyme, RNA contents and the ability to incorporate tritiated amino acids into migratory proteins rise markedly from days 12-15 until days 30-35. Also during this period occur appreciable increments in cell size and in the amount of rough endoplasmic reticulum.
The stable mitotic indices of both these differentiated acinar cells drops by days 20-23 (SCHNEYER and HALL, 1969; SESSO et al., 1973) . These data may suggest that the mechanisms involved in the depression of mitotic activity in these differentiated cells are put into operation when these cells are in the course of attaining their more developed morpho-functional pattern.
